Abstract. Loss of biodiversity under climate change is on the top of European research agendas. However, there is a huge gap between the scientific and the educational communities: Only a small amount of current knowledge reaches the young generation. We faced the challenge of how to transfer results of biodiversity research to the reality of school classrooms -in a way that raises interest, awareness and motivation among students from the age of 12 to 19. We developed the educational software PRONAS (PROjections of NAture for Schools) to show how scientists handle questions about the impact of climate change on the habitats of many European species. About 50 European plant and animal species have been used to demonstrate habitat losses, habitat shifts, and mismatch of habitat dynamics of interacting species. The software was developed with a bottom-up approach, and a manual for applying the software in the classroom was written in close cooperation with teachers. We included specific elements of didactic approaches such as storylines describing future scenarios, projections and simulations of species' future climatic niches, as well as the combination of virtual and real excursions. PRONAS is freely accessible in German and English on www.ufz.de/pronas-lernsoftware. Feedback was given by about 100 teachers from German and other European schools at six teacher workshops and by 141 students from four German schools. While most teachers confirmed that the designed format of knowledge transfer is attractive and contributes to knowledge building and awareness raising, many students older than 16 felt under-challenged. Altogether, we found that "educational software" is a useful format for scientific outreach which is worth joint efforts of scientists and educators and which needs more support and incentives for scientists to go forward in this direction.
Introduction
Climate change and dramatic loss of biodiversity are essential subjects for research. In a world that is changing at faster rates and over larger scales than ever recorded before, there is an urgent need for knowledge to understand and manage the biosphere. This knowledge concerns unprecedented stressors for biological diversity such as habitat fragmentation, introduction of alien species, overfishing of oceans, and the rapid growth of the world population, which are particular threats to biodiversity in the short term to midterm (Lubchenco, 1998; Barnosky et al., 2011) . But looking 50 years into the future and beyond, the effects of climate are likely to become increasingly prominent relative to the other factors (Thuiller, 2007; Settele et al., 2014) .
It is now widely recognized that further climate change seems to be inevitable -even if global emissions reductions and mitigation efforts over the next decades prove to be successful. Therefore, adaptation was added to the policy agenda, and EU member states started to develop national adaptation strategies (Biesbroek et al., 2010) .
A large number of research projects have been funded by the EU and by national governmental bodies, and extensive knowledge about climate change impact has been accumulated in the scientific community (Henle et al., 2010; Potts et al., 2011; Settele et al., 2007 Settele et al., , 2010 Settele et al., , 2014 . All of them conclude that we will lose a major portion of biological diversity in the first half of this century if we do not act immediately.
Comprehensive information is needed before people become active. That is why outreach is an important part of most biodiversity research projects. This is in accordance with the statement of the 1992 Rio Summit that scientists have the responsibility to inform the public about their research and to contribute to raising the awareness for biodiversity preservation (United Nations, 1992) . Knowledge transfer is particularly needed in the education sector. Traditional roles of science are not limited to discovering, communicating, and applying knowledge; they also include training the next generation of scientists (Lubchenco, 1998; Hulme, 2014) .
Scientists have proposed numerous approaches to bridging the "knowing-doing gap", have developed alternative formats for science communication outside of formal research publications, and have improved partnership and participatory approaches between scientists and practitioners (Lawton, 2007; DeFries, 2012; Hulme et al., 2011; and Hulme, 2014) . Examples of such formats are atlases Rasmont et al., 2015) , decision support tools (Mewes et al., 2015; Ulbrich et al., 2008) , databases (AmphibiaWeb, 2015; Kühn et al., 2004) , and web-based tools and games (Fürst et al., 2010; Schulze et al., 2014) .
In the present paper, we address stakeholders who are often underestimated or at least underrepresented: school students, who are the young citizens and consumers of today and the decision makers of tomorrow. Students need to gain core competencies that enable them to develop responsible decision making in the future and to ensure the development of the next generation of scientists (Hopkinson and James, 2010; Ledley et al., 2011) .
Young people's engagement with global issues in general is quite low in the EU-27. The Eurobarometer survey on "Youth on the Move" (European Commission, 2012) found that only 3.2 % of young Europeans participated in NGOs active in the domain of climate change, while 5.2 % were engaged with human rights or global development issues. When it comes to human rights or global development, participation of young people ranges from 11.1 % in Denmark to 1.3 % in Hungary (3.2 % in Germany). In terms of climate change, young people's participation ranges from 5.6 % in Ireland to 1.3 % in Poland (2.3 % in Germany). Young people's participation in both domains tends to be higher in Western Europe than in Eastern Europe. Albert et al. (2010) found that an increasing number of young people in Germany are becoming aware of problems caused by climate change. Fiftythree percent of 12-to 15-year-old students perceive climate change as a real threat, and they are ready to change personal behaviour, while 26 % think that the problem of climate change is being overestimated. However, 21 % say that climate change poses a big problem but that humans cannot solve it.
Scientists, in particular biodiversity researchers, face the challenge of bringing across their research to the daily lives of school students in a way that favours the sustainable engagement of young people for biodiversity preservation. To meet students' needs and interests, scientists have to adapt their comprehensive knowledge base in a proper way and to transform it according to the specificity of the target groups. In particular, the level of understanding complex processes has to be considered. An analysis of curricula in the subjects of biology and geography, performed for all of 16 German federal states, showed that complexity and abstraction of topics increases with students' age . Whereas biology lessons in the 5th grade (11-12 years) are based on species (e.g. mammals, birds, or flowering plants), students of the 11th grade (17-18 years) learn about ecosystems and biodiversity protection. Geography lessons deal with basic agriculture aspects in the 5th grade and with climate change scenarios and landscape ecology in the 11th and 12th grades. Experience from previous projects shows that teachers need (1) simple and short-term solutions, whereas ecologists tend to provide complex and long-term results; (2) easy access to research results apart from journal articles and specific data bases; and (3) support in understanding of scientific methods addressing uncertainties in environmental issues.
The objective of our present paper was to show how scientists can deal with these challenges for effective outreach. We developed an educational software called PRONAS (PROjections of NAture for Schools) to pass research results from the sphere of science "down to earth" -to the classrooms. Our tool is based on the contents of the EU-funded research project ALARM (Assessing LARge scale Risks for biodiversity with tested Methods) with a special emphasis on future scenarios and projections of climate niches for European plants and animals (Settele et al., 2005  www.alarmproject.net). We describe the development process, the structure and the main features of PRONAS. Finally, we discuss aspects of our outreach experience.
Development of PRONAS

Scientific content and didactic approach
The ALARM project has integrated the research results of more than 250 scientists of 68 institutions from 35 countries. Research focused on the assessment and forecast of changes particularly in biodiversity but also in structure, function, and dynamics of ecosystems. In particular, risks arising not only from climate change but also from environmental chemicals, biological invasions, and pollinator loss in the context of current and future European land use patterns have been assessed. Socio-economic scenarios have been applied to simulate future environmental threats and to quantify risks subsequent on these (Rounsevell et al., 2006; Settele et al., 2007; Spangenberg et al., 2012; Plieninger et al., 2013) . Scenarios are alternative, dynamic stories that capture key ingredients of our uncertainty about future ecological, social, economic, and political trends. The storylines of the three basic scenarios in ALARM do not represent predictions but rather possible development paths: SEDG (sustainable European development goal) aims at integrated ecological, social, insti-tutional, and economic sustainability; BAMBU (business as might be usual) includes measures for mitigation or adaptation to climate change, but not for explicit protection of biodiversity; and GRAS (growth applied strategy) is a scenario of unlimited economic growth considering adaptation to climate change but no measures for its reduction (Settele et al., 2007; Spangenberg et al., 2012) . Studies applying those scenarios indicate that completely different speciessuch as plants (Thuiller et al., 2005) , reptiles and amphibians , birds (Virkkala et al., 2008) , butterflies , or bumblebees (Rasmont et al., 2015) -will suffer significantly from climate change, as climatic conditions in their habitats become hostile and they cannot reach new appropriate areas in a conceivable time. Moreover, those effects may be amplified by disturbed biotic interactions (Schweiger et al., , 2012 .
To adapt the huge knowledge base of the ALARM project, we decided to consider the following aspects: a. provide scientific content and methods applied by scientists dealing with uncertainties and addressing main drivers of global biodiversity loss;
b. link to the everyday life of students by applying scenarios to plant and animal species living in students' backyards;
c. motivate one to have a live experience of nature, combining the virtual with the real world, counteracting the negative messages of biodiversity loss, motivating students to individual activities, and providing links to citizen science projects;
d. develop a "bottom-up" style and design in close collaboration with school students -searching for the right software style between "drill-like programs" and highly animated computer game (see Schneider and Wittenbröker, 2010 );
e. link educational software with curricula and favour the implementation in classroom teaching by involving educators from the very beginning of the project.
The network
Effective scientific outreach is much more than just oneway transfer of knowledge. Instead, continuous, constructive feedback is needed to face the challenges. In the two communities of scientists and educators there are still many different approaches in understanding, communicating, and applying scientific subjects. Furthermore, for most scientists it is difficult to translate their terminology into a language understandable for students and teachers. On the other hand, teachers often lack the time necessary to prepare scientific information for classroom teaching (Ledley et al., 2011) . The software PRONAS has been developed in close collaboration between ecologists, teachers, environmental educators, and Figure 1 . The "Knowledge pool" represents scientific knowledge and results that have to be transformed by a network to be understandable by the target groups. In a permanent dialog with this network, students and teachers give feedback about their needs. In the PRONAS outreach network, biodiversity researchers collaborate with teachers, environmental educators, and pedagogical scientists.
pedagogical scientists (Fig. 1) . The leading team consisted of a researcher (ecologist), a designer, and a software engineer. Software programming was realized using the Adobe Flash editor with ActionScript. Three schools and four environmental visitor centres have been involved in the project. Five teams of two 16-year-old school students performed students' projects related to PRONAS design and content (with a duration of 10 months each). Five seminars for German teachers and one Europe-wide teacher workshop were used to discuss PRONAS with about 100 teachers. Five students studying to become teachers dealt with PRONAS topics in their final theses. Altogether, six workshops were held with all of the team members. This network was one of the most essential preconditions (a) for the tailoring of the complex scientific knowledge base to didactic purposes and (b) for the implementation in classroom lessons and out-of-classroom learning.
Software evaluation
In the course of software development, six evaluation studies were performed (Table 1) . Target groups included German school students at the age of 12 to 18, coming from four schools, as well as educators from several schools and institutions.
Results
Software elements
Storylines
Insightful and compelling narratives are important to successfully communicate with the non-scientific scholars (Vervoort et al., 2014) . Scientific visualization should not tell a story just by itself but rather communicate science and sci- Figure 2 shows a scientist explaining that completely different species will suffer significantly from climate change, as climatic conditions in their habitats become increasingly hostile and they cannot reach new appropriate areas in conceivable time. This is demonstrated using the example of the butterfly Titania's Fritillary (Boloria titania) and its food plant common bistort (Polygonum bistorta) . This example shows that niches of interacting species can change in different ways. There is an increasing spatial mismatch over time regarding the niches of plants and butterflies. Consequently, the area suitable for the butterflies may decrease significantly. A major objective of our project was to enable and to foster the understanding of school students of scientific methods for risk assessment in the field of biodiversity. The main focus was placed upon the methods of future scenarios of global change combined with modelling of climatic niches. Three scenarios -Green, Yellow, and Red -have been derived in accordance with the three basic scenarios of the ALARM project.
Students apply the scenarios in two interactive tools: the "scenario test" and the "butterfly tool". In the interactive scenario test the user is asked how Europe will look in the year 2050. For several socio-economic fields -from policy to land use and consumption -he selects his answers out of three given options.
Projections and simulations
With climatic niche models, the impact of climate change on biodiversity can be described mathematically and projected into the future (Pompe et al., 2011) . Figure 4 shows the projection of the future potential distributions of the European peacock (Nymphalis io) according to the assumed future conditions under the different scenarios of global change. The butterfly simulation tool includes projections for 15 European butterfly species. Their potential geographical distributions can be simulated with time steps of 1 year until the year 2100. Occupied, lost and newly gained areas are shown in these projections under the assumptions of the scenarios Green, Yellow, or Red (Fig. 3) .
Virtual excursions and citizen science projects
The software provides virtual excursions in different landscapes that are designed in a way which favours "retracing" of virtual trips in reality, or -at least -those excursions may motivate the participants to go out for individual trips. By undertaking virtual excursions, students "experience" landscapes (e.g. dry and wet grasslands). Species that are subject to research studies and climatic modelling are "discovered" and "monitored" on the virtual trips. With projections (see Fig. 3 ) the user is transferred to the year 2050 or 2080, where he or she gets informed about possible area gains or losses of the species for each of the scenarios. Virtual excursions seem to be a useful method to combine abstract learning with live experience of nature, as they provide frames for discussing the impact of climate change on species and their habitats.
The animated species gallery includes portraits of more than 30 plant and animal species. Geographical distributions observed in the year 2000 are displayed and compared with the potential geographical distributions in 2080 (assuming the scenario Red, which equals GRAS in ALARM). Species well known to children such as the blue tit (Parus caeruleus), the European hare (Lepus europaeus), and the stinging nettle (Urtica dioica) represent species living "in the backyard".
From the perspective of educational psychology, engagement with educational software should aim at gaining competencies for problem solving and at being relevant for everyday life (Lude, 2006) . Furthermore, educators emphasize the importance of pairing risk communication with potential risk-reducing actions that might be performed by the students. That is why links to citizen science projects are provided that inspire and promote activities in observation, monitoring and nature protection, e.g. monitoring of butterflies in Germany (www.tagfalter-monitoring.de; Kühn et al., 2010) ; the Germany-wide monitoring of the great burnet (Sanguisorba officinalis), a wet meadow plant (www.ufz.de/ wiesenknopf; Ulbrich et al., 2014) ; or the EU-wide tree monitoring (www.beagleproject.org). 
Implementation in school education
Discussions with teachers helped us to develop a manual that shows in detail how the software can be implemented in German school education . The manual includes more than 30 teaching units for the subjects of biology, geography, mathematics and computer science, and for multidisciplinary teaching. They can be used in the classroom, in out-of-classroom learning or on "project days". Most units are designated for time periods of 45 or 90 min. They describe how computer work can be combined with traditional teaching methods such as worksheets, division into small groups of up to four students, oral discussions, and short presentations. PRONAS includes 20 interactive tests for students where they can check their knowledge or get inspirations for new discussion. The educational software can be freely accessed via the Internet or downloaded for offline use. It is eligible for flexible use in classroom teaching and for individual use by students as well. Additionally to the German version an English version is provided, which allows the software to be used beyond Germany. 
Evaluation results
Six evaluation studies have been performed (Tables 1 and  2 , and Figs. 4a-d) . The first study was realized in 2009 in the starting period of the project. Eighty-eight students from a gymnasium in Halle (Germany), aged 12 to 18 years, answered questions on biodiversity and software (Fig. 4a) . Results show the high expectations placed upon politicians and scientists: 86 % of students confirmed that politicians should do more for biodiversity, and 82 % said that scientists should provide more information about risks for biodiversity. Three of four students confirmed that biodiversity is important for them, and 62 % thought that they could personally contribute to animal protection. Asked for desired software traits, two of three students strongly agreed with richly illustrated tools that they could use at home. Only one of four students strongly agreed with the provision of suggestions for own activities and detailed information (Fig. 4b) . Fifteen 17-to 18-year-old students of a gymnasium in Düsseldorf (Germany) worked with PRONAS for 2 h (evaluation study 3). Seven percent of them strongly agreed with the statement that the software stimulates students' interest for the environment, 79 % agreed, and 14 % disagreed.
In another 2 h study the software was tested by 22 students aged 17 to 18 (evaluation study 4). Sixty-nine percent of them found the software clear and descriptive, and 56 % said that it is useful for school lessons. However, more than 50 % did not find it attractive. Sixty-three percent would not use it in their spare time, and 43 % found it boring. Nearly 30 % of the 17-to 18-year-old students participating in studies 3 and 4 said they feel underestimated as PRONAS seems to be designed for younger students. Sixteen students aged 16 to 17 gave their feedback after they had tested the software for 1 h (evaluation study 5). Most of them agreed that it was easy to use the software, that it is understandable and that it is clearly structured. However, less than 40 % found it attractive or interesting (Fig. 4c) . In the final period of software development 14 educators who were involved in the project gave their feedback (evaluation study 6). The highest score was given to the general content. The lowest agreement was reached in relation to the ease of use (Fig. 4d) . Answering the question "what did you like most?", every second teacher highlighted the general concept and design, and one of four favoured the presentation of the scenarios.
A survey performed with 15 teachers indicated the benefits that they see in the software (Table 2 ). Answers are structured by the main topics highlighted by the teachers. Many of them emphasized the scenario approach, the potential of combining virtual and real learning, and the helpful manual for the implementation in school lessons. However, nearly all participants said that the software would be even more attractive 
Discussion
Science is expected not only to generate and to publish knowledge but also to make it applicable for society (United Nations, 1992). To fulfill this task, scientists have to transfer their findings to formats useful and usable by politicians and other target groups. Moreover, specific transfer channels have to be established to reach the individual target groups, and specific products for those groups have to be designed. The presented educational software, PRONAS, combined with a teacher manual may serve as an example for such a tailored outreach product. It addresses school students from 12 to 19 and their teachers, and it has been developed in close collaboration with them. In this way, we went beyond the common one-way knowledge transfer from science to school. Continuous and constructive feedback given by both educators and students enabled meeting their needs and expectations. PRONAS is a module for academic and extracurricular education and fits in the environmental framework that is designated by the UN Decade for Education for Sustainable Development from 2005 to 2014 and the UN Decade for Biodiversity from 2011 to 2020 (Lude, 2010; Ulbrich et al., 2010) . The increasing flexibility of the educational system in Germany in terms of the acceptance of external resources (UN-ESCO, 2011) had a favourable effect on the project. Rigid German curricula have been replaced by educational standards that determine which competencies students should develop (OECD, 2005) . Three competencies are in the focus: linked, anticipatory, and critical thinking. In the learningteaching arrangement, PRONAS establishes relationships to the living environment of students that are based on scientific findings. This creates a solid basis for the three future scenarios. Applying alternative scenarios makes future developments directly accessible to students. They get an im-56 K. Ulbrich et al.: Biodiversity impacts of climate change pression about the complexity and interactivity of different factors which determine our future.
The feedback of teachers shows that, first of all, PRONAS offers an opportunity to better understand how the effects of human activities like climate change and land use impact biodiversity at regional and global levels. It increases the awareness of young people about their own role and responsibility. By providing innovative learning approaches, PRONAS may inspire a variety of students -those who are already interested in biodiversity issues and even those who may not respond well to environmental topics but like to work with the computer. Secondly, the combination of virtual and real excursions and nature studies encourages students to pursue their own nature conservation activities. Thirdly, teachers highlight the benefit of the manual that allows them to effectively implement the software in school lessons. They confirm that the pedagogical principles of PRONAS are orientation for vision, action, and reflection as well as linked learning (Lude, 2010) .
Evaluation studies among 16-to 18-year-old students indicate that further software projects have to consider a stricter age-oriented approach as students from 12 to 19 may represent more than one target group. Students prefer short texts, rich illustrations, and highly interactive game-like tools and tests. Further evaluation studies should be performed among younger students to figure out the specificity of this group.
Altogether, we found that creating educational software is an appropriate way to create outreach channels for results of biodiversity research. It combines academic content with game-like interactive elements and receives positive responses from both students and teachers. More and more teachers engage in applying scientific outreach. However, successful development of such projects requires the consolidation and enhancement of existing outreach networks and channels (public media, workshops, school labs etc.). Therefore, permanent resources and efforts are needed even after the initial project has been finished. Experience shows, however, that resources provided for educational purposes are often limited in research centres and incentives for scientists to engage in this field are still too scarce. As there is an urgent need to bring knowledge that is available in biodiversity science from the spheres of science into classrooms, scientists and educators should further develop outreach networks transferring scientific knowledge bases to adaptive formats.
Summary
The educational software PRONAS was created to bridge the gap between biodiversity research and school education. An effective format for scientific outreach was developed in close collaboration with educators.
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